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" REINFORCED COMPOSITE STRUCTURAL MEMBERS" 



This invention relates to reinforced composite structural members 
and, more particularly, to a fibre reinforcement preform 
configuration for moulded or pultruded composite structural 
members in which reinforcing fibres are configured in a way which 
not only confers optimal bending and shear properties in each 
member but also provides greatly improved strength in junctions 
between web and flange portions of each member. 

Moulded or pultruded composite structural members are known in 
which woven reinforcing mats, knitted reinforcing mats, 
continuous filament mats and many other reinforcing mat forms are 
used to reinforce the structural members. These mats are laid 
or pulled into moulds and bent around corners to provide 
reinforcement. Although reinforcement direction and quantity 
can be varied in different portions of members to suit the stress 
levels and directions the junctions between different portions 
cannot be reinforced satisfactorily to provide high out of plane 
distortional bending strength or local tensile strength where for 
example forces are trying to pull flange from webs. In order 
to try to overcome these problems knitted, braided and woven 
preforms are known in which, in addition to reinforcing fibres 
running in the plane of flange and web portions, fibres are 
either knitted, braided or woven through the thickness of member 
portions to improve their strength. Unfortunately these 

braiding, knitted and weaving processes degrade the axial 
strength and stiffness of the structural members because fibres 
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are not fully continuous in the plane of the raembelr flange and 
web portions* Fibres are continually woven back through the 
thickness of the member faces rather than continuing in place. 
These kinks in the fibres cause loss of strength, the matrix 
properties become more important because of stress transfer at 
the changes in fibre direction and therefore properties become 
more sensitive to matrix degradation. Overall stiffness is 
reduced because of fibre discontinuities. 

According to this invention, we propose a composite structural 
member comprising a fibre-reinforcement preform according to any 
preceding claim f embedded in a matrix material. 

Also according to the invention, we propose a fibre-reinforcement 
preform for use in the manufacture of a reinforced composite 
structural member having a web portion and a flange portion, the 
preform comprising a flange reinforcement portion wherein 
reinforcing fibres lie parallel to an axis of the preform and 
overlap reinforcing fibres that lie at right angles to the said 
axis, and a web reinforcement portion wherein reinforcing fibres, 
overlap in directions oppositely inclined to the said axis, each 
of said opposite directions being inclined to the said axis at 
an angle of 30° to 80°. 

One advantage of the use of such a reinforcement preform is the 
improvement in accuracy of fibre placement at joints between 
flange and web portions compared to the prior art. 
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There may be one or more layers of fibre, preferably glass fibre 
reinforcement in either or both of the web and flange portions 
depending on the particular application. Also, web reinforcement 
fibres may be positioned to lie symmetrically at angles of +X and 
-X degrees to the axis, and the value of X (between 30 and 80 
degrees ) may be selected as appropriate to a particular 
application. The main reinforcing fibres, which may be any 
suitable material are preferably continuous fibres which are only 
kinked from their straight predetermined directions at the' web- 
flange portion junctions and at the edges of flange and edges of 
the web portion outstands. The angled straight reinforcing 
fibres in the web portions may pass up and down these portions 
alternately and loop around the 90 degree fibres which are 
closest to the outside face of the flange portions opposite the 
web portions. The reinforcing fibres in the flange portions 
lying at 90 degree to the member axis are laid backwards and 
forwards across these portions and are looped around and back on 
themselves at the flange portion edges. The reinforcing fibres 
in the flange portions lying at 0 degree to the member axis aire 
each continuous along the length of the preform. 

The looping of the angled web portion reinforcement around the 
outer 90 degree flange portion reinforcement provides a strong 
direct connection between web and flange portions while at the 
same time keeping reinforcing fibres straight in all the main 
member portions. The type of reinforcing fibres used, the 
quantity and angle of web reinforcement can all be varied to 
optimise the structural design of any member. Hence an 
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optimised structure with respect to overall strength and 
stiffness for given material content can be achieved with 
superior connection strength and stiffness between web and flange 
portions compared to the prior art described above. This 
reinforcement configuration can be used in any structural 
composite member formed by moulding or pultrusion using any 
matrix including plastics and ceramics. Member geometry can 
either vary along the member axis or can be constant as is more 
usual with pultrusion. 

In a preferred embodiment at least two layers, each layer 
containing +X and -X degree angled reinforcement, in each web 
portion are spaced from each other using a spacing mat which is 
able to absorb matrix material during the moulding or pultrusion 
operation. The fibre reinforcement may be configured as 
described above, with the web portion reinforcement looped around 
the 90 degree fibres in the" flange portions, but with the 
positions where web reinforcement layers loop around the flange 
reinforcement spaced using the spacing mat. The spacing of 

these reinforcement connections further increases the strength 
of the flange to web portion connections in bending in cases 
where high transverse bending is present in the section due to 
distortion caused by local loading or where high post buckling 
reserves of strength are required. 

Where web and flange portions are reinforced as described above 
and a flange portion is connected to the face of a web portion 
which continues above and below the flange, the 90 degree fibres 
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in the flange portion are looped around the diagonal web fibres 
which are closest to the outside face of the web portion opposite 
the flange portion. 

The invention also includes a composite structural member 
comprising the fibre reinforcement preform referred to above, 
embedded in a matrix material. 

Embodiments of the invention will now be described by way of 
example with reference to the accompanying drawings in which :- 

Figure 1 is an isometric view of a 'Tee' junction between web and 
flange portions of a composite member/ reinforced with fibres; 

Figure 2 is a cross-section through the flange portion shown in 
Figure 1 showing also an elevation on the web portion with the 
fibre reinforcing configuration indicated; 

Figure 3 is an isometric view of an 'L' junction between web and 
flange portions of a composite member, reinforced with fibres; 

Figure 4 is a cross-section through a composite plank component 
as an example of the use of the reinforcement preform 
configuration ; 

Figure 5 is a cross-section through a composite connector 
component as a further example of the use of the reinforcement 
preform configuration; 
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Figure 6 is a cross-section through another composite section; 

Figure 7 is a cross-section through a 'T' junction part of a 
composite member in which a spacing mat is used in the flange 
portion to increase connection strength; 

Figure 8 is an isometric view of a junction between a flange 
portion and a web portion of a composite member in which the web 
continues above and below the flange and portions are reinforced 
in accordance with the invention; and 

Figure 9 is a cross-section through a composite section for 
building and retaining wall applications. 

Referring to Figure 1 of the drawings, a part of a complete 
composite structural member is shown having a flange portion 1 
and a web portion 2. The matrix which may be of plastics or 
ceramic material, is assumed transparent for the purpose of 
illustration only. The flange portion has an edge 7, and is 
reinforced with three layers of glass fibre reinforcement. The 
first layer 4A is orientated at 90 degrees to the member axis 3 
and is looped around 9 at the flange edge 7. The second layer 
10 is orientated at 0 degrees to the member axis 3 and consists 
of continuous fibres running down the reinforcement preform. 
The third layer 4B is orientated at 90 degrees to the member axis 
3 and is also looped around at the flange edge 7 . The web 
portion 2 is reinforced with fibres 5A orientated at +X degrees 
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to the member axis 3 and fibres 5B orientated at -X degrees to 
the member axis 3 . These diagonal fibres 5A and 5B in the web 
portion 2 are looped over the top layer of 90 degrees flange 
reinforcement 4A as indicated 6. 



Referring to figure 2, the way in which the web fibres 5A and 5B 
are inclined at +X degrees , 8A and -X degrees, 8B to the member 
axis respectively is clearly shown. Also the way in which 

these fibres are looped over the transverse flange fibres 4A in 
flange portion 1 is also shown. The web reinforcing fibres 5A 
pass up between flange fibres 4B and 10 loop over fibres 4A and 
then pass back down again as fibres 5B. In this way the 

preform is woven from continuous fibres in a continuous 
operation . 

Referring to Figure 3 of the drawings, the flange portion 11 
stops at the line of the web portion forming an '1/ part of a 
complete composite structural member . The flange portion is 
reinforced with three layers of fibre reinforcement. The first 
and third layers 13A and 13B respectively are orientated at 90 
degrees to the member axis 15 and the fibres are looped, 18, 
around at the outer corner of the 'L' section, 17. The second 
layer of fibres 19 is orientated at 0 degrees to the member axis. 
The web portion 12 is reinforced with fibres 14A orientated at 
+X degrees to the member axis 15 and fibres 14B orientated at - 
X degrees to the member axis 15. These diagonal fibres 14A 

and 14B in the web portion 12 are looped over the top layer of 
90 degrees flange reinforcement 13A as indicated, 16. 
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Referring to Figure 4 , a composite plank member is shown in 
cross-section having flange portions 22 spaced by web portions 
23 and 24 joined at 'T' junctions 21 and 'L' junctions 20 . A 
preferred reinforcement configuration for this plank is to 
manufacture a fibre reinforcement preform in which the flange and 
web portions and 'T' junctions 21 are reinforced as shown in 
Figure 2 and either Figure 1 or Figure 7 and the 'L' junctions 
20 are reinforced as shown in Figures 2 and 3. 

Referring to Figure 5, a composite connector member is shown in 
cross-section having flange portions 27 and 30 spaced by web 
portions 28 and 29 joined at 'L' junctions 25 and ;26:.; ^ A 
preferred reinforcement configuration for this connector : is to 
manufacture a fibre reinforcement preform in which the flange and 
web portions and 'L' junctions 25 and 26 are reinforced as shown 
in Figures 2 and 3. 

Referring to Figure 6, a new composite section is shown in cross- 
section in which flange portions 34A have outstanding portions 
which are heavily loaded in a manner which will try to tear them 
from the web portions 33. A preferred reinforcement 

configuration for this section is to manufacture a fibre 
reinforcement preform in which the flange portions 34A and web 
portions 33 and 'T' junctions 31 are reinforced as shown in 
Figure 2 and either Figure 1 or Figure 7. Also the 'L' 

junction 32 is reinforced as shown in Figures 2 and 3, and the 
other junction 32A is reinforced as shown in Figure 8. 
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Referring to Figure 7 a flange portion 35 is shown connected to 
a web portion 36. In this case two layers of web reinforcing 
fibres 40 and 42, each having fibres at +X and -X degrees to the 
member axis are shown. These web fibres pass up through the 
flange between fibres 38 and 39 and lop over the 90 degree flange 
reinforcement fibres 37. Web fibre layers 40 and 42 are spaced 
apart using a spacing mat 41 which increases the lever arm 
between the anchorages of the web fibres at the flange. This 
increases the capacity of the joint to resist out of plane 
bending effects. 

Referring to Figure 8 of the drawings, a part of a complete 
composite structural member is shown having a flange portion 43 
and a web portion 44 which extends above and below the flange 
portion. The flange portion is reinforced with three layers 
of fibre reinforcement. The first layer 45A and the third 

layer 45B are orientated at 90 degrees to the member axis 49 and 
are looped around, 48, the diagonal web portion reinforcing layer 
47A which is closest to the outer web face. the second layer 
in the flange portion is orientated at 0 degrees to the member 
axis 49 and consists of continuous fibres running down the 
reinforcement preform. The web portion 44 is reinforced with 
fibres 47A and 47B orientated at +X and -X degrees to the member 
axis 49 respectively. 

Referring to Figure 9 a composite section is shown in cross- 
section having flange portions 49, 51 and 52 and web portions 53, 
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54, 58, 59 and 60 joined to form a structural member suitable for 
construction of building frames and retaining walls . A preferred 
reinforcement configuration for this member is to manufacture a 
fibre reinforcement preform in which the flange and web portions 
and 'T' junctions 57 and 60 are reinforced as shown in Figure 2 
and either Figure 1 or Figure 7, 'L' junctions 55 are reinforced 
as shown in Figures 2. and 3 and other junctions 56 are reinforced 
as shown in Figure 8. 

The above description refers to the orientation of fibres in the 
web portions at angles of +X degrees and -X degrees to the member 
axis where X is chosen between 30 degrees and 80 degrees. The 
angle that is chosen will depend on the relative magnitudes of 
different design forces in each web portion in each application. 
The forces that generally influence the choice are shear force 
in the plane of the web portion and out of plane bending about 
axes in the plane of the web lying either parallel to the member 
axis or orthogonal to the member axis. In cases where shear 
predominates the preferred angle will be close to 45 degrees, in 
cases where bending about on axis parallel with the member axis 
predominates the preferred angle will be closer to 30 degrees and 
in cases where bending about on axis orthogonal to the member 
axis predominates the preferred angle will be closer to 80 
degrees . 
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CLAIMS ; 

1. A fibre-reinforcement preform for use in the manufacture of 
a reinforced composite structural member having a web portion and 
a flange portion, the preform comprising a flange reinforcement 
portion wherein reinforcing fibres lie parallel to an axis of the 
preform and overlap reinforcing fibres that lie at right angles 
to the said axis, and a web reinforcement portion wherein 
reinforcing fibres, overlap in directions oppositely inclined to 
the said axis, each of said opposite directions being inclined 
to the said axis at an angle of 30° to 80°. 

2. A preform according to claim 1 wherein the reinforcing 
fibres in the flange portions and/or in the web portions are 
woven. 

3. A preform according to claim 1 or claim 2 wherein the 
inclined fibres in the web reinforcement portion are formed by- 
one or more continuous fibres which extend in one of said 
oppositely inclined directions, pass over right angled fibres in 
the flange portion reinforcement and extend in the other of said 
oppositely inclined directions to an edge of the web portion 
configuration . 

4. A preform according to claim 3 wherein at the edge of the 
web reinforcement portion, a fibre extending in one of said 
oppositely inclined directions loops back to extend in the other 
of said oppositely inclined directions ♦ 
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5. A preform according to any preceding claim wherein right 
angle fibres in the flange reinforcement portion comprises one 
or more continuous fibres that loop back and forth across the 
flange portion configuration. 

6. A preform according to any preceding claim wherein the 
parallel flange reinforcement portion fibres, comprises 
continuous fibres extending along the length of the preform. 

7 . A pref orm according to any preceding claim wherein a flange 
reinforcement portion is connected to a web reinforcement portion 
extending on opposite sides of the flange portion, the vxight 
angle; flange portion fibres being looped around inclined web 
portion fibres. 

8. A preform according to any preceding claim wherein fibres 
in the web reinforcement portion lie symmetrically at angles of 
+X and -X degrees to the axis, X being in the range 30° to 80°.' 

9. A preform according to any preceding claim comprising two 
or more layers of web reinforcement fibres from each other by a 
spacing mat. 

10. A composite structural member comprising a fibre- 
reinforcement preform according to any preceding claim, embedded 
in a matrix material. 
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11. A composite structural member having a web portion and a 
flange portion, the member comprising a matrix of material in 
which is embedded at least one layer of fibre-reinforcement 
configured such that in the flange portion reinforcing fibres lie 
parallel to an axis of the member and overlap reinforcing fibres 
that lie at right angles to the axis, and in the web portion 
reinforcing fibres overlap in directions oppositely inclined to 
the said axis each of said opposite directions being inclined to 
the said axis at an angle of 30° to 80°. 

12. A composite structural member according to claim 10 or claim 
11 wherein reinforcing fibres in the web portion lie 
symmetrically at angles of +X and -X degrees to the said axis, 
X being in the range 30° to 80°* 

13. A member according to any one of claims 10 to 12 and 
comprising two or more layers of web reinforcement fibres spaced 
from each other by a mat embedded in and impregnated by the said 
matrix material. 

14. A member according to any one of claims 10 to 13 wherein 
the matrix is of plastics or ceramic material. 
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